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I ntroduction

The PHENIX Muon Identifiers are shown in Figure 1. They consist of panels of
larocci tubes arranged for hodoscopi ¢ read-out interleaved between steel plates which are
all behind the Muon Tracking Magnets. There are five stedl platesin each Muon Identifier
arm as shown in the close-up of Figure 2. The gaps of the Muon Identifier are numbered 1
through 6 counting from the interaction vertex direction outwards. The first gap is between
the return yoke of the Muon Magnet and the first identifier plate. The thicknesses of the
steel plates are, counting outwards from the vertex, 10, 10, 20, 20, and 20 cm. The
absorber material of the central magnet pole pieces and the return yokes are also integral
parts of the Muon Identifiers. In both cases the central magnet poles are 60-cm thick. The
thickness of the return yoke of the North Muon Magnet is 30 cm, and the thickness of the
return yoke of the South Muon Magnet is 20 cm. The minimum energy thresholds for
minimum ionizing particles which reach each plane of the Muon Identifier are tabulated in
Tablel.

Because of funding issues, it has been determined that the PHENIX experiment
will only instrument five of the six available gapsin the Muon Identifier. The purpose of
this noteisto provide alook at the physicsimpact of not instrumenting the 6th gap of the
Muon Identifier.
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Figure 1: Side view of the PHENIX Detector. The North and South Muon Identifiers are
shown behind the North and South Muon Magnets, respectively. Each Muon Identifier
consists of 6 gaps between steel plates into which larocci tubes arranged for hodoscopic read

out can be placed.
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Figure 2: A close-up view of the beam pipe region of the North Muon Identifier. The Muon
Identifier panels, which are larocci tubes arranged for x-x’, and y-y’ read-out are shown in red.
The Muon Identifier steel plates are shown in gray. The gaps are numbered from 1 through 6,
as shown. The South Muon Identifier is amirror image of the North Muon Identifier. However,
because of the shorter length of the South Muon Magnet, gap 1 is approximately 1.5-m long
on the South Muon Identifier.



Gap North Arm South Arm

Depth of Fe E. Depth of Fe E.

(cm) (MeV) (cm) (MeV)
1 90 1258 80 1118
2 100 1398 90 1258
3 110 1538 100 1398
4 130 1817 120 1677
5 160 2097 140 1957
6 190 2376 170 2236

Table I: The energy thresholds for minimum ionizing charged particles to reach the indicated
Muon ldentifier gap. For the purposes of these calculations, the thicknesses of materials has
been multiplied by an average value of 1.2 to account for the non-normal passage of particles

from the vertex and through the material while traversing the Muon Identifier.

Impact of Gap 6

Figure 3 shows the pion punch through probabilities as a function of depth iniron
for pions of different momenta. Table 1 tabulates the normal depth of iron which has been
penetrated by a particle in reaching the indicated gap. From Figure 3, the punch through
probabilities of pions reaching the 5th gap (150 cm of Fe) and the 6th gap (170 cm of Fe)
as afunction of momentum can be determined. The results of such atabulation is shown in
Figure 4. Figure 5 shows the ratio of the two. From Figure 5, it is seen that the p/m
rejection ratio will be degraded by afactor of about 2.5 for momentum below 10 GeV/c if
the Muon Identifier isinstrumented only to a depth of gap 5.

The above conclusions, which are al based upon Figure 3, have also been verified
by Monte Carlo studies as reported by Naohito Saito (as shown in the E-mail attached as
Appendix A). In the Monte Carlo study it was shown that if the 6th gap were not
instrumented, the probability of misidentifying a pion as a muon increased by about a
factor of 1.5. The difference between the Monte Carlo and these data can be accounted for
by the fact that the Monte Carlo includes the contribution of the Cu nose cones which have
been neglected here.



Based upon the information shown in these analysis of the performance of the
Muon Identifier, one would want to instrument the 6th gap. Then the question comes as to
whether to instrument the 5th or the 4th gap. If one were to attempt to build arangefinder
which had a constant DE/E, it would be logrithimically longitudinally instrumented. In the
case of the PHENI X detector, an approximation to the idea could be achieved by the
instrumentation of gap 4 and skipping gap 5. Such a scheme should result in almost no
difference in performance from an identifier which were completely instrumented in all six
gaps. The Monte Carlo studies indicate that that is indeed the case.

1oL | [ [ | [ I _
T E (Mote: Most data points 3
C are from unpublished ]
- SOUMCES) i
n P _
2 -
= 10 =
O - -
« u -
o o _
E - -
o B _
F
o
=, -2
210 ¢ _
= - -
|_ | ]
L [ i
o | WO SLAC (Harrs, et al) .
i 47 77,107,158 Gevic)
3| ®© CDHS (Para) 5.8
10 F  10,20,50,100, 140 Gevic 07 -
- (p= 5.2 gicrn3) 10 .
[ &~ COHS (Peyvaud) Z
- 30,50, 75, 100 GeYic 77 -
= Femnilab E379 4.7
107" | | | | | |

0 50 100 150 200 250 300
Depth of lron {(cm)

Figure 3: Punch through probabilities as a function of depth of iron penetrated for pions of
various momenta. This figure is taken from "PHENIX Muon Detector Review" (June 4-5,

1993, PHENIX Note PN-84).
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Figure 4: The punch through probability of pions as a function of pion momentum for two
different thicknesses of iron absorber. The two different thicknesses of iron correspond to pions

reaching gaps 5 (150 cm of Fe) and 6 (170 cm of Fe) in the North Muon Identifier.
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Figure 5: The ratio of punch through probabilities of pions penetrating to gap 5 vs penetrating

to gap 6 in the North Muon Identifier as a function of momentum.

Appendix |

The following is an E-mail message from Naohito Saito describing his studies of
the performance of the Muon Identifier:

Date: Wed, 9 Apr 1997 08:36:32 -0400 (EDT)

Repl y- To: pheni x-spi n-1 @nl . gov

Originator: phenix-spin-I @nl.gov

Sender: pheni x-spi n-1 @nl . gov

Precedence: bul k

From saitoh@ikaxp.riken.go.jp

To: Multiple recipients of |ist <phenix-spin-I|@nl.gov>
Subj ect: RE: Which gap in the Muion ID to drop

X- Comrent : PHENI X Spin Worki ng Group and Wor kshops

Dear Spin and Mion,

I think Wayne's sunmary of the problemw th one-gap-drop option



is excellent and | want to try to provide sonme nore information
I have.

We have done two studies at RIKEN for pion rejection with MilD.

(1) LVL-1 trigger sinulation
(2) Discrimnant analysis for offline

Bot h of them have been done on single particle events with Pl SA

(1) LVL-1 trigger simulation fromny presentation at Al buquerque, Aug. '95
ener gy range: 2-100Cev

I have done trigger simulation with static road in '95 and

found that 50 GeV/c pion can satisfy the trigger condition

with the probability of 2% for North and 3% for South. At 100 GeV/c,
the probability will be 4% | assuned 6-gaps BUT ALLOWED the events
with no hit on gap-6. | defined 6-bit word for each trigger road:
"111111" nmeans event with hits in all |ayers.

"111101" neans event with hits in all layers except gap 5..

I allowed one mssing gap |like: "110111" , and
two mssing gaps but not in series like "110101".

I do not have a breakdown of the probability into each bit pattern.
So 50 GeV/c pion can be rejected at some level by trigger, if
our algorithm can be successfully inplenented.

(2) Discrimnant analysis by Dr Mao presented at BNL, Nov 1996 by NS
(I do not want to get into "discrimnat analysis" vs "sinple depth"
her e)
energy range 10-100 GeV

Hi s study shows contamination of pion will be the |evel of 0.4%
with all gap instrunented. If we omt gap-6, that |evel becones

hi gher by a factor of about 1.5. After Novenber, he has al so done
the case if we omt gap-5. As Wayne expected, it's al onbst sane as
all gap instrunented.

So, (2) will be a part of answer to the question raised. |I put the
postscript file to show the results from (2) on RH C cluster as
/ pheni x/ u/ sai t o/ out goi ng/ spi n/ rej ecti onp. ps

However, | amstill wondering how beam gas event will damage
our performance. Wayne, could you explain nore in detail?

Regar ds,
Naohito Saito



